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opening a large membrane pore, potentiated by inducers such as the
phosphate, the depletion of adenine nucleotides and the presence of
thiol oxidants. It leads to the swelling of the mitochondria, loss of
proton motive force, disruption of ion homeostasis and hydrolysis of
ATP by the ATP synthase. These events have been linked to pathways
leading to cell death, and to human diseases including cardiac
ischemia and muscle dystrophy. We have examined this proposal,
and a summary of our ﬁndings will be presented.
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NADH-ubiquinone oxidoreductase (complex I) is the ﬁrst and
largest enzyme in the respiratory chain of mitochondria and many
bacteria. It couples electron transfer between NADH and ubiquinone
to the translocation of four protons across the membrane. It is a major
contributor to the proton ﬂux used for ATP generation in mito-
chondria, being one of the key enzymes essential for life as we know
it. Mutations in complex I lead to the most common human genetic
disorders. It is an L-shaped assembly formed by membrane and hy-
drophilic arms. Mitochondrial complex I consists of 44 subunits of
about 1 MDa in total, while the prokaryotic enzyme is simpler and
generally consists of 14 conserved “core” subunits. We use the bac-
terial enzyme as a “minimal” model to understand the mechanism of
complex I. We have determined all currently known atomic structures
of complex I, starting with the hydrophilic domain [1,2], followed by
the membrane domain [3,4] and, ﬁnally, the recent structure of the
entire Thermus thermophilus complex (536 kDa, 16 subunits, 9 Fe–S
clusters, 64 TM helices) [5], the largest asymmetricmembrane protein
structure solved so far. Structures suggest a unique mechanism of
coupling between electron transfer in the hydrophilic domain and
proton translocation in the membrane domain, via long-range (up to
~200 Å) conformational changes. In order to elucidate the details of
the coupling mechanism, we are determining crystal structures of the
entire complex in different redox states with various substrates/
inhibitors bound. Comparison of the structures sheds light on the
putative conformational changes during the catalytic cycle, which will
be discussed on the basis of the latest data.
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Adenosine triphosphate (ATP) synthases use the energy stored in
a transmembrane proton-motive force to synthesize ATP from aden-
osine diphosphate (ADP) and inorganic phosphate. The transloca-
tion of protons across the membrane region of the complex leads to
rotation of a rotor subcomplex that drives conformational changes in
the enzyme's membrane-extrinsic catalytic region. Themechanism by
which proton translocation induces rotation is not known. Here, we
present structural data from single particle electron cryomicroscopy
(cryo-EM) that gives insight into the architecture of the membrane-
bound motors of ATP synthases and related enzymes. This evidence
supports a two-half channel model for proton translocation.
doi:10.1016/j.bbabio.2014.05.122
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We have recently determined the structure of a cbb3 cytochrome
c oxidase (C-family), isoform 1, from Pseudomonas stutzericiq [3]. The
P. stutzeri genome possesses two operons for cbb3 cytochrome c
oxidases, but only isoform 2 has a gene coding for a Q-subunit. We
have recently identiﬁed a 34 amino acid peptide which replaces the
Q-subunit in isoform 2. The results of our comparison of isoforms 1
and 2 will be presented.
References
[1] J. Kocuck, I. von der Hocht, F. Hilbers, H. Michel, I. Weidinger,
Resonance Raman characterization of the ammonia-generated
oxo intermediate of cytochrome c oxidase from Paracoccus
denitriﬁcans, Biochemistry 52 (2013) 6197–6202.
[2] I. von der Hocht, J.H. van Wonderen, F. Hilbers, H. Angerer, F.
Macmillan, H. Michel, Interconversions of P and F intermediates
of cytochrome c oxidase from Paracoccus denitriﬁcans, Proc. Natl.
Acad. Sci. U. S. A. 108 (2011) 3964–3969.
[3] S. Buschmann, E. Warkentin, H. Xie, J.D. Langer, U. Ermler, H.
Michel, The structure of cbb3 cytochrome oxidase provides insights
into proton pumping, Science 329 (2010) 327–330
doi:10.1016/j.bbabio.2014.05.123
Abstractse4
